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INTRODUCTION
The model proposed by Wills and Harrison (WH)
[1] to calculate the internal energy and the effective
pair interatomic interaction in transition metals is
widely used to study transitionmetal melts [2–8].
In [9], we suggested a corrected WH model: the
effective d–d electron–electron interaction in a metal
takes into account the contributions caused by the
nondiagonality in a magnetic quantum number.
Since the degree of this nondiagonality is
unknown, we introduced the probability p of the exist
ence of nondiagonal d–d electron overlappings
between two atoms in a metal provided they are
equally probable between each other and with diago
nal overlappings. Then, the WH model that takes into
account only five equally probable diagonal d–d over
lappings is valid at p = 0, and the fully corrected WH
model with 25 equally probable (5 diagonal and
20 nondiagonal) overlappings holds true at p = 1.
In this work, we apply this correction to calculate
partial Wills–Harrison pair potentials for the equi
atomic Co–Ni melt and analyze how a change in p
influences their characteristics.
THEORY
The partial WH pair potential for a binary system
ϕijWH(r) is written as [7]
 (1)
where ϕsij(r) and ϕdij(r) (i, j = 1, 2) are the contribu
tions induced by the s and d electron states, respec
tively.
WH( ) ( ) ( ),ij sij dijr r rϕ = ϕ + ϕ
Contribution ϕsij(r) is calculated in terms of the
second order of the perturbation theory in pseudopo
tential (hereafter, in atomic units (a.u.)),
 (2)
where ρ is the mean atomic density, zsi is the effective
s electron valence of a pure metal of the ith kind, and
Fij(q) is the partial characteristic function
 (3)
Here, ε(q) is the Hartree dielectric function, f(q) is the
exchangecorrelation function taken in the Vashishta–
Singwi approximation [10], and ωi(q) is the form fac
tor of the pseudopotential of an unscreened ion of the
ith kind in the binary system.
Following [6], we use the local Brettonet–Silbert
(BS) model pseudopotential [11] generalized to binary
systems in [12],
 (4)
where RCi and ai are the BS model pseudopotential
parameters and B1i and B2i are the coefficients found
from the condition of continuity of ωiBS(r) and its first
derivative at r = RCi,
 (5)
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Form factor ωiBS(q) is determined from the
expression
 (6)
where
Partial pair potential ϕdij(r) entering in the right
hand side of Eq. (1) consists of the following two parts:
 (7)
where ϕbij(r) is the contribution caused by the presence
of a d band with a finite width in the metal and ϕcij(r)
is the contribution induced by the displacement of the
center of the d band due to the nonorthogonality of the
d states in the metal. We have
 (8)
 (9)
Here,  = c1zd1 + c2zd2 (zdi is the effective d electron
valence of the pure metal of the ith kind, ci is the con
centration of the component of the ith kind in the
binary system), rdi is the parameter having the physical
meaning of the radius of the d state of the free atom of
the ith kind, νij is the partial coordination number, and
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Kb and Kc are the coefficients written in the form pro
posed in [9]. They are
 (10)
 (11)
where ym = y|m| and xm = x|m| are the coefficients
depending on quantum number m,
 (12)
 (13)
RESULTS AND DISCUSSION
The WH partial pair potentials in the equiatomic
Co–Ni melt were calculated near the melting temper
ature at various values of p.
The table gives rdi and zsi taken from [1] and [13],
respectively, and zdi = zi – zsi (where zi is the total
valence of the pure metal of the ith kind) and the BS
model pseudopotential parameters borrowed from
[13], where they were determined for pure liquid met
als. The mean atomic density of a binary melt is taken
to be additive with respect to the corresponding values
of ρ of the pure metals (which were experimentally
obtained in [14] at T = 1823 K for Co and at T =
1773 K for Ni), which is allowable due to the closeness
of these values (see table). The values of all three νij are
assumed to be 12.
The obtained pair potentials are shown in the fig
ure. As in the case of pure metals [9], an increase in p
for all potentials decreases the depth of the first mini
mum of the pair potential, weakly affects its coordi
nate when p changes from 0 to 0.5, and significantly
shifts its position toward large r at p = 1 as compared to
the case at p = 0.5.
It was also found that the ordering potential V =
ϕ12(r) – (ϕ11(r) + ϕ22(r))/2 at p = 0 and p = 0.5 is close
to zero (V ≈ 0), which indicates almost ideal mixing of
the components, whereas a tendency toward separa
tion (V > 0) takes place at p = 1.
The tendency toward separation in the liquid phase
is unlikely in the Co–Ni system, since it follows from
the Co–Ni phase diagram [15] that Co and Ni are
infinitely dissolved in each other in the crystalline state
and form a continuous series of solid solutions. Thus,
the result obtained can indicate that the nondiagonal
d–d overlappings between different atoms do not gen
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Input data used for the calculation
Metal  zsi  zdi  rdi (a.u.) RCi (a.u.) ai (a.u.) ρ (a.u.)
Co  1.4  7.6  1.437  1.641  0.393 0.011648
Ni  1.4  8.6  1.342  1.030  0.207 0.011732
RUSSIAN METALLURGY (METALLY)  Vol. 2013  No. 2
STUDY OF THE EFFECTIVE PAIR INTERATOMIC INTERACTION IN A Co–Ni MELT 159
erate a predominant contribution to the effective d–d
electron interaction in the liquid metal.
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